Introduction
Most micro-level quantitative studies of Chinese society rely on individual level data from locally produced patrilineal genealogies or from state generated household registers. Stevan Harrell, Ts'ui-jung Liu, Ted Telford, and Zhongwei Zhao and others use genealogies to estimate trends in demographic rates over the very long term, especially for southeastern, south central, and southern China. 1 We and Arthur Wolf and his and our collaborators use Qing dynastic and Japanese colonial household registers from Liaoning and Taiwan Provinces in northeast and southeast China respectively to examine associations between individual and household characteristics on the one hand and demographic behavior on the other, largely during the last two centuries.
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Several studies have identified shortcomings in these sources from internal evidence, comparison with predictions from demographic models, and micro-simulations.
Lineage genealogies rarely record wives and daughters, and usually omit sons who die without male offspring, especially if they die during infancy or childhood in the remote past. 3 They rarely provide data on marriage timing and often do not even record any vital data at all. 4 Household registers appear to record most wives, but not necessarily most daughters and may even miss some sons. While recording of vital events tends to be complete, some registers appear to under-record mortality especially among very elderly males. 5 Most recently, micro-simulation revealed that the selectivity against extinct patrilines could distort estimates of demographic rates from genealogies, biasing mortality estimates downward and fertility estimates upward. 6 Other forms of selection that were not strictly demographic have been identified as possible sources of additional bias, most notably the tendency for more prosperous lineages to compile genealogies, and the tendency for some branches or generations to be recorded more completely than others. 7 With the exception of Stevan Harrell's comparison of genealogical and household register data in Taiwan, 8 however, direct measurement of the extent and implications of such selectivity has been precluded by the scarcity of separately compiled demographic or social data on the families that maintained genealogies that would allow comparison.
By direct comparison of records for the same families in private lineage genealogies and official household registers from the eighteenth and nineteenth centuries that we have collected in Liaoning in northeast China, this paper confirms that lineage genealogies and related sources have inconsistencies not identified or accounted for in previous analyses. In particular, omission from lineage genealogies is highly selective, making it likely that estimates of demographic rates based on analysis of genealogies are not only larger than previous assumed, but possibly in the opposite direction. The chance that an individual listed in a household register is also recorded in their family genealogy depended on their life span, their reproduction, and their socioeconomic attainment. In general, the individuals recorded in lineage genealogies have higher fertility, longer lives, and higher socioeconomic attainment than unrecorded members of the same lineages, and members of lineages for which genealogies are available were similarly advantaged over members of lineages for which genealogies are not available.
Our paper is organized into three parts. We begin by introducing the Liaoning household registers and lineage genealogies that we compare, and summarize our procedures to link these two sources. In part two, we apply multivariate techniques to identify the characteristics of individuals recorded in both the household registers and the lineage genealogies. In part three, we compare demographic and social outcomes to assess the possible bias associated with calculations that rely on lineage genealogies. To assess whether the descent groups for which genealogies exist are distinguished not only by their survivorship but other social and economic characteristics that S. Harrell, Z.W.
Zhao and others have suggested could also bias estimates, we compare outcomes for descent groups according to whether or not a genealogy is available. To assess the effects of the demographic, social, and economic selectivity of recording within descent groups, we then compare outcomes for individuals according to whether or not they are recorded in their descent group's genealogy. In the conclusion, we discuss the implications of these findings, focusing briefly on fertility, and outlining the potential impact of the inconsistencies we identify on observed fertility levels and patterns.
The results in this paper are of interest not only to those who work on Chinese population and society, but also to historical demographers and sociologists in general.
Until now, most micro-level quantitative analyses of society or population in the past have relied on single sources, or linked but highly complementary sources normally produced by similar institutions. This is one of a relatively small number of historical studies to make use of multiple independent sources that record the same population, and search for contradictions between the sources. 9 A further distinguishing feature of this study is that we compare official and privately produced sources. Thus we contrast official and private constructions of kinship and population in the Chinese past.
In our future work, we will turn this analysis on its head and use lineage genealogies to examine omissions from household registers. Our preliminary examinations have revealed that just as there were individuals in the household registers that were not listed in their lineage genealogies, so there were individuals in the lineage genealogies who were not listed in the household registers. Many, indeed probably most of these individuals were descendants of ancestors who escaped population registration and were classified in the household registers as taoding, literally "escapees." A systematic examination of the determinants of omission from the household registers, however, awaits further progress in organizing and linking the records from the lineage genealogies and generating the variables required for analysis.
I. Data
Our data comprises one of the larger and certainly longer individual level longitudinal panel data sets assembled for micro-level historical studies. All together we have linked as many as seventeen generations from the seventeenth century to the present with 275,000 individual histories, their households, their descent groups, and their demographic and social outcomes. The core of our historical data is triennial household registers for almost 500 villages from Liaoning province dating from 1749 to 1909. For the purposes of this analysis, we have linked these data to other historical populations recorded in family genealogies and grave inscriptions from these same villages. 10 We have also located and linked a variety of contextual information about the region and specific communities.
The linked data have six distinct features that make them uniquely suited to address a variety of substantive questions in historical demography and family sociology.
First, they are longitudinal and individual-level and include not only demographic information, but social, economic, and political information as well. Second, they locate individuals within their households and kin groups, distinguishing kin by relationship and co-residence. Third, they include parallel information at the community level on local practices, economic conditions, and state policies. Fourth, they follow the population from their origins in the seventeenth century to the present. Fifth, they are numerous and varied enough to test many of the assertions about the relationships between kinship and demography over space and time. Sixth, they come from disparate but complementary sources to provide population information from the points of view of the state as well as the local population themselves.
We have been able to produce such historical data because of the internal consistency of the core household register data, their availability through the The registers list each individual one to a column in order of their relationship to the household head, with his children and grandchildren listed first, followed by coresident siblings and their descendants, and uncles, aunts, and cousins. Wives are always listed immediately after their husbands, unless a co-resident widowed mother-in-law supercedes them. For each person in the target population the registers report the following information: relationship to their household head; name(s) and name changes; adult banner status; age; animal birth year; lunar birth month, birth day, and birth hour; marriage, death, or emigration, if any during the inter-censal period; physical disabilities, if any and if the person is an adult male; name of their household group head; banner affiliation; and village of residence. For adult males, the registers also record official titles and occupations that allow us to estimate their income. 13 4 percent of males held such titles at some point in their life; they and their families comprise the rural local elite.
For working-age males, the registers also record whether or not they were considered what is now Shenyang, the provincial capital, and an agricultural north in the hills and mountain ranges near Tieling and Kaiyuan. These pronounced regional differences enable us to test a variety of hypotheses about socioeconomic conditions and demographic behavior, and measure regional characteristics as well as shared processes and relationships. The common immigration origins and institutional background of our communities allow us to control for such particular circumstances. While our results only illuminate the behavior of specific Chinese populations, we can draw from them implications for the demography not of China as a whole, but of specific social, economic, and political systems. This strategy, comparing local rather than national contexts, avoids the problem of representativeness normally inherent in community studies.
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These registers have a number of features that distinguish them as a source for historical demography. In contrast with historical Chinese demographic sources such as genealogies that only record adult males, the historical registers record most boys and some girls from childhood, as well as all women from the time of their marriage. Unlike genealogies, they also provide detail on village and household residence. In contrast with parish registers, an important source for European historical demography, they allow for precise measurement of the population at risk of experiencing most demographic events and social outcomes. We have already used the registers to investigate the determinants of individual survivorship, migration, ethnic identity, and social mobility. 14 These analyses confirm that the registers are a reliable source for the event-history analysis of the outcomes we focus on here: marital fertility, marriage, mortality, and attainment of official position or title. They also detail the specific strengths and weaknesses of the registers with respect to the measurement of each of these outcomes.
One of the most important features of the household register data is that they follow families for as many as seven generations, from the middle of the eighteenth century to the beginning of the twentieth. The population is closed, in the sense that the registers followed families that moved from one village to another within the region.
Entries into and exits from the region were rare, and when they did occur, their timing was recorded. 15 Through linkage within the registers, therefore, we can identify the paternal kin of individuals, even if they live in other households or even villages. Table 2 summarizes the results of the linkage we have already carried out within the household registers. We can locate a great-great-grandfather within the registers for 50.2 percent of men overall, and 83.0 percent of men who first appear after 1900. Figure 1 presents this information in graphical form, presenting the proportions of children in each register for whom specified paternal ancestors can be located. The proportions are higher than in Table 2 because of the restriction to children. American genealogical databases, as the most current updates from a continuous tradition of current genealogies, they are far less retrospective and more complete. 16 Moreover, what information they do miss can be found in complementary historical household registers and contemporary retrospective surveys.
Linkage
We have linked genealogies to the historical household registers. Linkage is manual, based primarily on name, generation, location, and relationship. The genealogies were originally collected from known descendants of the register population as identified by village of residence, surname, and matching the names of their ancestors with those listed in the registers. Once the genealogies were transcribed into databases, individual entries in the genealogies were linked to the registers based on name, generation, and relationship. While virtually all the contemporary populations can be linked longitudinally to the household registers, this is less true of the historical populations recorded in the genealogies. At the time of this analysis, we had linked more than 10,000 men from 40 of the more than 150 such sources that we have located with the household registers. These men account for nearly one-third of the men in the 40 sources. The remaining two-thirds are mostly men who lived before the registers began in 1749, after they ended in 1909, or in villages for whom we do not have household registers.
II. Determinants of Being Recorded
We begin with an examination of the determinants of being listed in a lineage genealogy, conditional on membership in a descent group for which a genealogy is available. We estimate logistic regressions where the outcome is an indicator of whether or not an individual was included in a lineage genealogy. Right-hand side variables measure characteristics of the individual expected to affect the likelihood of being recorded. To assess whether men were more likely to be recorded if they lived to an advanced age, and had more descendants, we include the age at last appearance in the registers, their number of surviving sons at that time, and counts of their grandsons. To assess whether men in the descent group who had more close kin were more likely to be recorded, we also include a count of the number of male cousins. To assess whether more senior members of a generation were more likely to be recorded, we include seniority rank among first cousins. To assess whether socioeconomic attainment affected We restrict the analysis to observations of men in descent groups for which we have a genealogy. This ensures that comparisons are among the males who are genuinely at risk of inclusion in genealogy. Coefficients reflect effects of individual characteristics on the chances that a male in a descent group with a genealogy will be included in it, not their effects on the chances of being part of a descent group that has a genealogy. To ensure that coefficients do not reflect correlations between measured variables and unmeasured characteristics of the descent group or descent line, we also estimate a logistic regression with a fixed effect of descent line membership. The comparison in this fixed-effect model is between males who have a recorded male ancestor in common and are accordingly members of the same branch of the descent group. Coefficients are net of any effect associated with the tendency of some descent lines to be more likely to be recorded in a genealogy.
There were substantial differences between and within descent lines in the likelihood that members would be recorded in a genealogy or other source. Table 3 presents the results of the logistic regression. The substantial variation between descent lines, with some having many members recorded and some having none, is apparent from a comparison of the results of the two models. Moving from the first model to the fixed effect model, many of the coefficients increase in magnitude, and the overall 'fit' of the model increases, as reflected in the Pseudo-r 2 . Individual characteristics, in other words, become better predictors of inclusion once the variation between descent lines is controlled for with a fixed effect. Further confirmation of differences between descent lines within the same descent group in the chances of being recorded is suggested by the finding in the fixed effect model that men who held civil positions were actually substantially less likely to be recorded in the genealogy than other men in the same descent line, even though they were not much less likely to be recorded than other members of their descent group. Table 3 here
Even among men who are members of the same descent line, and accordingly relatively close kin, longevity determines whom the genealogy will record or omit. As expected from the past literature on the shortcomings of genealogies, longevity is important. According to the results in Table 3 for the model with a fixed effect of descent line, a man who survives past age 50 is 2.8 more times likely to appear in a genealogy or other source than a close relative who dies before age 20. A man who survived to between ages 20 and 15 was 13.5 percent times more likely to be recorded than someone who died earlier.
Reproductive success was similarly important: men with progeny were more likely to be recorded than men without. The strongest effect was for sons. Every 
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Socioeconomic attainment is an important determinant of recording. Certain types of official titles or positions were more important. In the model with a fixed effect of descent line, men who had held a Banner position were twenty-four percent more likely to be recorded, men who had held a purchased title were nearly twice as likely to be recorded, and men upon whom a honor had been bestowed were more than four times more likely. Civil positions, administrative positions that were not part of the Banners, actually lowered the chances of being recorded. Since the model controls for longevity and number of offspring, these effects are above and beyond any advantage in survivorship and reproduction associated with high socioeconomic attainment. Since the comparison in this model is between close relatives, this is also net of any tendency for descent lines that are especially successful at acquiring titles and positions to also be better recorded. Status within the family mattered as well: according to the model with a fixed effect, senior cousins were more likely to be recorded than junior ones.
Unsurprisingly, genealogies were most complete in recent decades. According to the model with the fixed effect of descent line, men who made their last appearance in the household registers between 1800 and 1850 were 2.9 times more likely to be recorded in a genealogy than men who made their last appearance in the eighteenth century, and men who made their last appearance after 1850 were 4.5 times more likely to be recorded.
Genealogies were typically compiled retrospectively, with updates based on the recollections of surviving descent group members. Recent ancestors, of course, were more likely to be remembered accurately by the compilers of a genealogy than more distant ones.
III. Social and Demographic Outcomes of Descent Groups with Genealogies
We now assess the biases in genealogy-based estimates of demographic and social outcomes by examining how the descent groups for which genealogies are available differed from the population at large, and how members of descent groups who were recorded differed from those who were not. We estimate regressions for a variety of demographic and social outcomes in which the explanatory variables are membership in a descent group with a genealogy and individual inclusion in a genealogy. For mortality, we estimate separate logistic regressions for males and ever-married females where the outcome of interest is death within the next three years. For children, we estimate additional regressions according to whether or not the father was recorded in the genealogy. For ever-married females, we consider the effects on mortality of whether or not their husband was listed in a genealogy. For marriage, we also estimate two logistic regressions, one for whether or not a male has ever been married, and one for whether or not a male is currently married. For reproduction, we estimate Poisson regression for married males in which the outcomes are the numbers of male and female births in the next three years. Differentials in the chances of having, or at least registering, female births are of special interest because previous work has shown that female survivorship was highly selective, and reflected family social and economic standing.
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Finally, for socioeconomic attainment, we estimate logistic regressions in which the outcome is whether or not an individual holds different categories of official title or position. To control for geographic, age, and temporal variation in the likelihood of these outcomes, all estimations include appropriate controls for decade, five-year age group, and register population. To examine socioeconomic aspiration, we also include an analysis of effects of recording a non-Han name in the registers. In our previous work we have shown that elite males in the population were more likely to switch a non-Han name, typically Manchu name, presumably as a reflection of their desire to align their ethnic identity with that of the rulers of the Qing, the Manchu.
For each outcome, we estimate two models. Table 4 presents the results. Model I assesses differences between descent groups according to whether or not they have a genealogy by including an indicator of whether or not an individual is a member of a descent group for which a genealogy is available. Estimated odds ratios compare outcomes for members of these descent groups, regardless of whether or not they as individuals are listed in the genealogy, to the population at large. Model II examines selectivity within the descent group by adding an indicator of whether or an individual was recorded in a genealogy. Odds ratios for this indicator reflect the effects of inclusion in the genealogy on the outcome of interest, above and beyond the effect of being a member of a descent group that has a genealogy. Table 4 includes an assessment of the net effect of being recorded in a genealogy, relative to the population at large, constructed by multiplying together the odds ratios for being the member of a descent group with a genealogy, and for being recorded in a genealogy. The descent groups that had genealogies paid a price: their adult and elderly males actually suffered elevated death rates. This reflects the 'price of privilege' according to which many higher status males, including those who were heads of households or in some cases held official titles or positions, actually suffered higher death rates. 22 Specifically, the males who were members of the descent groups for which genealogies are available may have been more likely to travel away from their villages or have otherwise unhealthy lifestyles, and accordingly more likely to contract disease.
Elderly females in these descent groups were also more likely to die.
Reflecting the tendency apparent in previous studies and in table 3 for genealogies to be more likely to record men who lived longer, the death rates of the men recorded in genealogies were lower than those of other men in the same descent group. According to the results for model II, below age 20, their odds of dying were less than one-sixth, 0.158, those of other males in the same descent line who were not recorded in genealogies.
Adult males recorded in a genealogy were one-third less likely to die than other members of the descent group, and elderly males were one-tenth less likely. The sons, daughters, and wives of the men recorded in genealogies, meanwhile, generally had unexceptional mortality, except that elderly wives had elevated mortality.
When it came to marriage and reproduction, the advantage of being a member of a descent group that had a genealogy was more important than the advantage of being recorded in a genealogy. The net effect on demographic and social outcomes of inclusion in a genealogy, presented in the rightmost column of table 4, is large. The elderly wives or widows of men included in genealogies were more than one-quarter more likely to die than women in the population at large. Until age 20, men listed in genealogies had odds of dying that were one-fifth those of other men until age 20. As adults, their odds of dying were only three-fourths those of other males. They were also more likely than men in the population at large to marry, and once married, have children. They were also more likely to record a non-Han name and attain an official title.
Conclusion
This analysis reaffirms the value of comparing multiple linked demographic sources to identify and correct for the weaknesses of each. 23 At present, validation of sources used for historical demography typically relies either on checks of internal consistency, or comparison of patterns of demographic rates estimated from the source with those in other populations. Such approaches have successfully identified errors, omissions, and selectivity in a variety of sources, and have led to procedures for adjusting estimates to correct for these problems, or else suggested caveats to be kept in mind in the interpretation of results. Thus previous work has already identified 'holes' in Chinese genealogies, for which 'patches' in the form of adjustments or exclusions have been proposed. 24 The results here, however, suggest the possibility that there may be more subtle but pervasive patterns of error, omission, and selectivity that would not be apparent in a check of internal consistency or comparison with other populations.
Many of the specific findings confirm shortcomings of Chinese lineage genealogies suspected for some time, but indicate that problems in the selectivity with which members of a descent group were recorded were more serious than expected. For example, the finding that individual men who lived longer or attained higher socioeconomic status were more likely to be recorded hardly comes as a surprise.
Analyses of male mortality in Chinese lineage genealogies typically only consider ages 20 and higher because the omission of men who died young is so common. 25 The finding that the death rates of males recorded in genealogies were lower those of other males between ages 20 and 50, however, challenges the widely used assumption that genealogies yield reliable estimates of male mortality above age 20. Similarly, while it has been suggested for some time that socioeconomic status may affect the chances of being recorded in a genealogy, 26 the findings in Table 3 that descent group members who held an official title or position were more likely to be listed in their genealogy, and in model II from Table 4 that men listed in a genealogy were more likely to hold an official title or position, raise the possibility that socioeconomic selectivity was more pronounced that previously thought.
The findings on fertility, meanwhile, identify a form of selectivity in recording that may actually bias fertility estimates from genealogies upwards. Previous estimates of historical Chinese fertility from lineage genealogies have emphasized the downward bias in estimates induced by the omission from genealogies of men who died young.
Such analyses typically adjust for the omission of these births from the genealogy by multiplying fertility estimates by an adjustment factor based on assumed level of male mortality. 27 The results here, however, confirm the existence of a countervailing bias that may lead fertility estimates from genealogies to overstate levels. Men with more children were clearly more likely to be included in a genealogy. According to Table 3 , every additional son alive at the time of a man's last appearance raised the odds of being listed in a genealogy. As a result, according to Table 3 , the odds men listed in genealogies were more likely to be married than other men, and once married, had higher fertility.
The results also make clear that there were two forms of selection that could affect estimates based on genealogies. First, as discussed above, genealogies were highly selective in terms of which descent group members they recorded. Second, perhaps even more importantly, the descent groups for which genealogies exist differ from other descent groups. While simulation results suggest that demographic selectivity, in the form of underrepresentation of extinct patrilines, might lead to underestimates of mortality or overestimates of fertility in calculations based on genealogies, 28 it is clear from the results here that the descent groups for which genealogies have been located also differed socially and economically. Caveats that there could be other forms of selection in terms of which descent groups had genealogies, and which members were recorded, appears justified. 29 Such social and economic selection actually may have been more important than demographic selection: even though on most social and economic outcomes descent groups with genealogies were more successful, their males actually experienced elevated mortality, the opposite of what would be expected if demographic selection was the only process at work.
Such unexpected and so far unexplained selectivity bias, in which the men in descent groups covered by genealogies actually had higher mortality, suggests that the individuals recorded in genealogies, and their families, differed from the population at large in ways not previously suspected. With few exceptions, previous discussions of the implications of errors, omissions, and selectivity of genealogies have relied heavily on deduction, translating known characteristics such as the exclusion of males who died young into specific predictions about effects on estimates of rates. 30 The results of our inductive exercise raise the possibility that there is an entirely separate class of problems associated with estimates from genealogies that can neither be predicted nor detected through checks of internal consistency or comparison with demographic models, because the selection processes that governed which descent groups had genealogies, and which members were recorded, were more complex than we realize.
This work is hardly complete. We are in still in the process of gathering and coding additional genealogies and related materials from Liaoning and linking them to the household registers. Thus we expect to replicate and refine the analysis here with progressively larger databases of materials from a wider variety of families in a more diverse set of villages. As these data accumulate, we will move beyond assessment of the overall levels of overestimation or underestimation to examine variation among genealogies in the extent of omissions, errors, and selectivity. We will also address a variety of specific questions, for example, assessing the net bias in fertility estimates from genealogies by comparing the magnitudes of the upward bias induced by the omission of men who marry but have few or no children to the downward bias induced by the omission of men who died before they marry. Recognizing that the household registers are by no means perfect, we will also turn the tables in a future analysis, and use the genealogies as a base from which to identify errors, omissions, and selectivity biases in the registers. We suspect that they are complementary and also asymmetric. Taken together, the view from above and the view from below may not produce the entire historical landscape. The African-American matched records sample ', Historical Methods, 31(1998), 65-75. 10 In an ongoing project, we have also linked them to contemporary populations of their descendants recorded in contemporary censuses and household registers as well as retrospective surveys. Grand father
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Figure 1 Children by numbers of generations that their ancestry can be traced in the registers

